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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a 
nonvolatile memory whose defect generation rate 
is improved and its usability is made better while 
actualizing stable writing operation and shortening 
the effective writing time and a writing method for 
the nonvolatile memory. 

SOLUTION: The nonvolatile memory has multiple 
word lines and multiple bit lines, and multiple 
storage elements having stored information 
corresponding to the amount of electric charges 
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accumulated in a floating gate at the intersections ^'§^^ 
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of the word lines and bit lines and electrically 
performs writing operations and erasing operation 
for the mentioned stored information. A writing 
control circuit which controls the amount of 
electric charges accumulated in the floating gate 
by performing verifying operation after performing 
writing operation to the storage elements by a 
specific writing amount is made to perform search 

writing operation set to a writing amount less than the mentioned specific writing amount 
and verifying operation corresponding thereto once or more in the beginning of writing. 
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#±iai. 6 variztcz £x-&*)M Lmimt t 

HI 4 (A) ^Lfc«fc?£M*#® ( "1 

3. 0i4 (b> coxoizin^m ( "i 

[0060] mm* o iz-mffizmmmi-^z t „ 
Tyv-hik&tf'tfhtiz* z.cr)7 : 7-y — btkftx~iz. 

T 7-VU<7>mBtVWVQ= l . 2VtLX. ZtlWFV 
L# I >e»EE£ It^ES h7^ *#3r W*Uf* d T 
Jg^iftf^^TT^, lfflTfcJLEl. 

b-t ~, h^T^n. Jg^V- K* 

h KM*, fcf Hfrieoi: 3 K 1 8 . 1 V < tf)V b ) 

^£9^*Mzm£tfov<nm%&&n&. : £mu*f& 

Zt{,Z±->XfthtLZ>. R 

[oo6i] ztuzx*). m$&*ttMkt%z>tmb7 

yitxfX'te. ZW3ybv—;uy-bRi/+v*;\Jml 

TF N (Fowler Nordheim) h y^)V^ 
*#*£U +**)Vfrt>?u-'riyyY-b\,zm z f- 

**jk*EE* ? fflM3*u %<F>^yb*-)vy-bmfi- 



[0062] d^ioSr^&A <»§KL> c7)#£ji 
•Vs-U 77^ VWV 0 &Mtyj&l>XM$tt$~& ZtizX 

nffiBffii. _LIfiVWV0=l. 2VtUb(3$ix-& 0 

LTs "ir ) y-Kx 

fri^U 7-K^lffVWDS = 2. OVC^L, 
®EVWDS = 2. OVeiTC»4d4:«:ilBUT«* 

t&f^^^T^-ti:^. i>Li>. immmb=7yi?x?X' 

tl^L^^iUIVWDS = 2 . OVSrjBi&tO** 
izfctXWl^tflzWomx-tztLh. 

[00 63] mistmi 6izi±. mz&*§m£mw 
^&titb<?)7n-?->r-bmi) s ^zti. mutmis 

tlT^^. HI 6 (A) Ui. HI "0 1" 

jLfr<7>mW&. HI 6 <B) tC«±. HI 5T<?> "0 0" 

[oo64] z<r>m&m<r>&m.y?vi'** z £V<r>m% 

^awBMt-riEfth^y^^oiO -0 1" -b 
"oi" -t;Kci«-&*Sji^^rxiM^ii. fnsco 

^^U7r^i6# ( VWV3=4. 8V) 
m2ti& 0 ^0,il6 (A)^j;5(:, "0 1" -fe 

7-—^ ? v *9m*ffi*>ix. mmximm $ ttx v 

[006 5] ZCO "0 1" ^MZtf-t&mZ&Mi. L 
§ V MimJ3Eri ? vwv 3=4.8 vja±^^Sc^(f J: I ^> 

±E^ J: -3 tcy^PxiB* lOOjus <oJt«W*§ < 
LT 1 [ll"COL&v^«WEo^l:*A Vth$:^:^ < LT 
S§3i^^^^^H^i;o(c-r&t^>TfcS. m 

*SaA»m-J:oT»7S*tS. Z<7)£ o izmitt- 

[0066) 11 5 td^jrf J: 3 tC. "00" -fey^l/ 
"10" ^/Kcm-^S^iilJ^iieisltttcLTfi 1 ^ 

h« "0 0" -fe/U&tX "10" IzMzfti-h^SMft 
tz&ZLZ^mm&Ottmi. il7M118l:^t 
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tiz>&%tf$>&tz#>. mta "oo" -tzMzntxn. 

^/I'Xi) tf, TN = 1. 2X (TN-lMffl) ~ 

tt. tt<cttR3*i&lv&fC % "10" -fe/WrftLTtHtK 
ICS? J:?fc£*i£. L§v*fi®E<7>3E-ffc# 

»8Hi£<*oT. «a*»El5fflt,. "01"* 

[00 6 7] S^&^IMm. ^^'Jri/^^^y- 

^^^□yhD-^'-hdi. 18. ivcox^tc 

^/pt' y hm (JUT. isa*»*t'y M*fc»tf-*> 

cot. *sa*SB«fc4r;^«rr*) ohm > 

[00 6 8] C/lWO, "0 1"^, "0 0"^ 
&£>l/fc: "10" -b/UO^y hn-^y- f ^* 
/Mate**. ^ti/^iilSV, 16V*^V^15V«Ot 

0. "0 0" -fe/Hi, "0 1" Hr/WcJt^TLS^OT 
S^EftlBl/hS < . ^^tc "10" -b;Mi "0 1 " -b 

[00 6 9] JifEcOid^r "0 1" -fe/P, "0 0" -b/P 
fc&tttc "10" -fe/Hc»LT»#a^lM^3&«»T^ 
fc,Bl SfcrjStf-J^fc: "11" -b/U, "1 0" -b;^ 
"00" -b;l/C7)JiSTX^x^ "/f/^rlX?— -f 

mitfmsfoztiz. o^o. nis^v^x. a-r "i 

1" -fc/Wcovvc?— Ka<OS#?U^S:VWDS = 
2. ovfcru «^L*ir4l«E^S«aB^±IMI« 
«i«ri^fc (x-f^^-^) SrttaSL. £IT. "1 
0" -tW "00" ^;W:^UVWE1=3. 2 
V > VWE2 = 4. 5VtcL-C^fimOL§^^fimff 



[oo7o] new— aa^a^ >j ? r 4 ■ 

airt/CL*o£fc#ttfflT&&vv*)T\ <IO|i!S«0 

^-iWKfe-r&i:. m&mtEwmttztixnv -or 

a&4»4 X7ff7Vfa^ J4 ** 2 09 

"Cft* l3UJ»Tt«:0, M^fclf*^ 

[007 1 ] HI 9Cii. KAffiLBffSrlKBHf 4)ttf> 
hGbP?K3ft. B2 0fclia*lfiLBff 

as Lms & ^birc^iiT t ^ . 
[oo72] zemamo&m? v v * y 

"11" <o-fc/Wi. h>h«WcnOW^tas»L. t 
y^S UZ. ZW-y hgfOA^f U^/o? 

[0 07 3] y-K»cOS«U^/^VRW2 = 

3. 4V(-L-ca^ajLiw^^«s#i4. o4o. ?b 

"11" <o*j\,b . "10" -fe/Wi. t*'/ M8lc 
o^K/UiflJAU ^ixWK "0 0" co-b/Ufc "0 
1" cO-bMit'-y h^t^x^f U^U^aj^$^ 0 -by 

[0074]^:, ^7— HISC0^1RU</U^VRW3 = 

"11" O-b/Ut s "10" -b;P&t^ "0 0" -b 
;W4. t'7b8lco^^ML)^L, "01" 
^)-b;UO^^b'-y (H) 

-tyx7 7fSLt:J:0;n*:HeU Tfi^f- 

3 . 0 . Tfi^T-'-^^ y ^<r>"r-?tf 14 1 " Xii 
"0" Tl£-feyX7 7fSL^f»^^ "1" X<i 
"0" <0j:d(c-aL^*4> "0" ^Tfif-;7 7f 
. T—^cot S fctt. - 1 " £T(4x-* ^ 

'yf-HRjS-rS. iieTftx-^ y^ai/±fflT-^ 

LTBi^^ix^,, «rix^J:0. iR^*l^J: otiftS* 
[0075] 
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ZZX\ Rl— R313. VRW1 — VRW3M^IHLT 
WtJ\^U^fUyU±xjyyUK/U^^LX^h. Rl* 

Mzm^titzAm^^m^n "ir , n io" , 
"oo" xzf "io" #\ *taz*imLtz±.{iLt:v ht 

I00761 H21W1 Z^mz&hy^vis^* 
^^tlT^S. H2 1 ( A ) {3, micOXo teller* 

imv^y^^^zA^tm^tm^^tvx^ 

0. IBIttlfS "0 0" . "10" (c^U/ct^v^m 

[0077] ztuzMLx. *m&w<?)nz&ttmx> 
a. 

[00 7 8] C?)J:3#:r^fw*y7#^g#&/4c: 
i&^-fcL 4®cO«J:3^:*fflieSfciilS^StL=5: 
V\i2 1 (B) OJ:3£2fiOi2«»fE£tT3 tcrC 

tettftf* "o" t "i" fccoH^-v^i. mm 

W&n{&W±Mz1cilfcLX'bZ<%Z>. *ftM. 

^mi^mh tx-z co&wiz® & § a* 

[00791I22CI1 d^aJMcffiS^-x^jL* 
=£ U * JfH*fc* USI«<0-||ttMcoy n *y ?H£^f$ 

&. C^^^^y£/jt^^UOx--^Sii^t^aiL 

[0 08 0] EEPROMSCiO-fe^^f-^ 



?^coT?*xzm±Lxmm&zm<-t&h<ox'b 

[0081 1 yy yis^x^vizn^hwihfrmmi. 
m^mLmmiz^x^^^mt^-h. ztm. 

l-t^^^fBISr-^^KOatfo 7>f hA' 7 

iiBHr^^cOx-^^-fe^^-yf-tcmtf 
[0082] a**L»*«i. mucoid C77 

[0083] ±|£^ J: -3 *«&*iW|s*\ MAtt L»ff 
(lf7rw>f^D3y^-^) t:J:"}?T^, 
7n 7 t- (9ttffiS) T^x^^^'J^H^^tt^r 

mmwzmmznz . zcomm^Mzn. m^L%^ 

fr\ d^x h yXf i^^MtS t»lggc P U , * 

[oo84]gi23 *m\iz{%&¥mmm®8& 
z<nmmm<v*&mm®8&mscH i pi*, h 

/O, rt^lE^ffiVG, IM0PHBULC. 7:7 >y 
y^^'JFEPROM, D/A^J&SDAC. A/D 
KflWBADC. SflDa^MWEIBI VC. ^o^^J6*t 
WCGC y^fAA'7-7^y7 V MHiKS 

PMC. 4>*«HSCPU, X^^>f 7^t'JSRA 
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DMA3yhO-7DMAC. *W SSL* * 

'JDRAM, 

[0085] *tlb(0®S&-fnv7te^ »UBU 

[0086] ^ftmKlslBi£SI;L Aft^ISB I /o 
izH;&h AS^^W^T iol^LTionL 

&9mV$r?T 1 £ N SM0A^S«7T 2 h . m 1 Sff^J 
c m q#f£*&£il&IS 1 affiHNWftHfT 3 
«2BM»Hltcpmq^sn^2Bfm 

ft*? n •/ ?mftB2frFT 5 t . ffi&OttffWE ( v d 

d. vccdr. vss) tfm&ztihm&mmmvv 

[0087] ^tt^fl^EIBSVi. IrVbl** A 

s i c (rw-i/ 3 y ■ x^i^r-f H • >f 

r *y H • >y >V ) ^rfrMBSffi* I C 

(i, «#t«ft^atR. aijft^TOCTttfcs*!*, as 

[0088] +3fe«yi»C P Uli\ »tcMffi§iv5rlr> 

^b«i>h~?4 ?a7-u*yy-bmm%mmzzti 

B. SUfll^X* (RG6f ) , flgJIAXBUSfc:*^ 
*T h> n'.x K 7 -f > \\ ^ <x u £y \£ Affi^lUSS Ztt 

[0089] +5fe«UlSC P UUL 75 7Va«UF 

EPR0Mfr?MM$:h/O*«^£B^;fiU -t^ 
**W«W-*IMWt3. +*«li6icputt, A 

»)fflHUKULC(C:»-r^x-^^Aa5^. 777y 

Wt%Z>ffl£T-i7<7)J:o%:7 : -?<7)m&#L s D/A 
«SDAC^D/A^f^|f~^}S, A/ 
DSSWBfc J: o T A/DSaft SftfcT- 9<nWtfr& L . 



D— ^DMAC^Olftf^Mftl^StTd. MMKaCBUS 

tt. +*^S^cpUfrcj:^0^co[n]^yQ'/7coi6^ 

cpu«cei^fe^«effls^. +j«eyiscpu 
i3t»joaA«fl»EiBi vcfcj3iti»*Pi^x^ 

[0090]**M1^CPUI1 ?n.y?Jfc£|IIBC 
GCfr£>3&£;*fl£ yW^O y 7fI^C 2 
^i/W^D ? ^fl^C 2(C J: ^T&^ix&Kjtf^ 
WMfct^TlMESfi*. «*»ISCPU 
(i, *<?>ft»<n£&»ifi. CMOSIhIB. f^pM 

m^L&i^cMosxfTvfmmmffi. cmo 

[009 1 ] +*^JM3SCPU(i. ^a.y^^IslSSC 

^^fa^: u - 9 mmz & -> x^mmz^c % ttx 1 1 

tlioTfc, Htttf)^— 

[0 092] yXfA^n7;gfC2««fe»: 
yj-f-Z y 9 m&X<n itiJlS— H T'COxX^ - ^ V * 

aw. mmmiz+£ut%z>. z<r>~tfrh*<mw®c 

[0093] HOi&^MMBIK I veil ttSftSTF T 1 
^LT*2»»Haie#cpinq^g^ ^fc. ^ 

«JB»*e*sraj*-r&- ffloa^MWEiBi vc«. 

U-fe -y hft^-r esb, »frami# c mq . c 
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7 h«^$^ J: ^l/y^^ RG 5 UiSX 

U S t**^IgPC P U £ J: o -C#«S$*t£ . 
[0094] »fc«|R3ivSc^#. WOa^WJWEIR r 

Uy^TF^X^V^fcL &2tMmwm^ 
[0095] ;o7;MIl]ISCGC{l 

[0096] Affi^mss i /o(i nim?T uiir 

»S*i*fi#£»*. i&MWHFT i ol^LT i 

s^lts««. Aaj^tsiB i /o<^ {-onst:* 

X*RG4£0^L£l^-*l'i>X^£}^ (> 
[0 0 9 7] 8fl»VyX:?RG4li. ^WPIKPU 

fTi o l&ULTi onL F*Infl>^X BUS tCOfH^) 
ULT'x onCOb'7 h^&fc^Fffct, WftUB 

**M*lSflC P UK J; & B>mS««£ o T 

[0098] WitfflflWHPT iol^UlTion^ 

cob-"/ h<S**2 5 6 b'*y hnXttUOmt:* ir*?* 
&J:-53r*g3\ 6 4t'7Mfi^^OW : fTio 



"C r — 9 V is A ? izMmz^ £ tl . 2 56h'7h^f 

-^wSSftSii*. ate. rtS/UBus*^f-;i/ 
mmc puw ijfcju-idf- ^SMOiaifc i t . 

[0099] A£ti;>J[s]B I /OO«^A:ftOfc*>tf>0K 
aV«*ffl^<ofc«woigHli. taAA&tffflftMfl'*' 
yXfA; o <y ^fi#(cJ:->TfHMSfL£ J: 3 £3*1 

a-94HJm3h£<frofc5tt±, Jbja+ft*»»CP 
u £ Plft(c(RfBsm^«®£ Ztihztlz**. 
[0100] &OfflI0BULCii. tfy^fA^*: 

?i/XTMzmtTmmzm*bti&. mwbs&coul 

C«± % ^M^CPUhPI^^fij^^Xr-A^ 
Ov^fl^iCi^T^j^tL^o 777yi^t'JFE 
PROMI1 mi&coXo^ M®®ICPUCJ:o 

[0 10 1] D/A368WDACUL »UBUSS: 

tf-L-cfti&siis t z. ^r^u ym^iz^mt^f 

yWf-^5:®^kyX^RG2^, 

it?!VT-?i l zm^xT+urm^*&tirt-& . 

X?RG2H M»@»ULCt>t<*i**fflJl«CP 
U^J:oTfy^f^^^7 D/A3SI 

a®^Tl^^LTn^WM^iS^(C«^iXl>. ft. ZL 
ZX'telim^ffiTT l&^LT n£ Aft jimmtftT 

[0102] D/A^MDAcii, zcomffizm^t 
^tm^mmmift^&dizztih. frfr&smwEM 

m:^ntfi&m^Lx LZoim&z¥ti. znmz* 
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MOSFEW 'y^£t£5E$tl&„ 
[0 10 3] A/D^S&t§ADCf;L J+SBfrFTl&V* 
LT nCO? -hcommco^f- 1 AftJl ESS I/OhW 

^bus^ LTfft&s/i* i o %ti- o ym^^ 

W\ MttlllBULCfcKWrfJjfeJftSaCPU^ctoT 

*^A/D3S^B^«WSfu i/XfA^n.^a 
^■C 2 izfed X o tt9 a >v?mWcoi> k "ChlET^a^ 

^UisX^RGliZ^zy hf|, fl 

[0 104] A/DS*»ADCtifc, JLfgD/A^ 
8M»DACfcR«fc:. W»KADSfflW<«fi«i:S^*» 

J: 3 tcWmWSM i> L< «o J; 3 (3 3*1 
A/D3E«»ADCtci55*«^&S»®BEafcL 

[0 10 5] X^tM y^tySRAMIt <e<7)* 
*»J-fe/W:LT* ^S«Ki0SL*vW % CMOS^ 

**U£**-r £ r — 9 AftfiCOZLtbW— ttwmm'r- b M 
[0 10 6] IpfrhXfT-l y^ffl-X^USRAMIi. 

EHSfc, ^/7A7 F UXft^Sr^rri- K L^fU~£ ->T 
-KHI«i:, * f3- H8^J:->tlW 

x-?»£*&£$-£&;$5AX>r *ffl-r- 

[0 107] **VTU4izm&t&frfr&TYux - 

&. -e*l4Mc. x^x-y^^^^»J4r^SRAMii N 

m&mmn&mj)tmizwfrtiz> tt%z>. % 



6. 

[0 108] DMA3yhD-7, -«rfc%^ 
. ^qeij . r^-feX • r?>-hn-^DMACii:. 

P UK J: ott^^tolHlBrn 7;ffl(?)fi»A'xBU 

oTSJUfT*. DMAn:/hO-5DMAC<^i¥«ltt. 
aA«0#**^lllIIB«Bfc LTHfiESii&DMAnv 

9ttm. r-f&^mmnmiiLm&tzm^x . t 

[0 1 09 3 ^4 >v?m**:V DRAMti. 
^\'>-*fc. IMMMOS FETt J: o%:'J?Kc 

smw. «i*«Cs r>r^5 7^tyn *»« 

[0 1 10] *W y^t'JDRAMIi **U&« 
* ^IE«$*(=^**^^JtK«'hS v^>f X$: fc o 

z\tizx-?x. mzmtLtzftmeon? ^^^w^jt 

[0111] *»ftfy/t:7^^t , J FEPRO 

JEftXh y y is ^ 'J F E P R O M<7)f£6 -fe ? 
comjn^J: oT^X^jU^^AfttT d o Cix 

ssltv^^t\ mmwz7§>mwp&*ft&£ftr>*ju 

tf&kLXL. JEfttfokmmzWZ&ttZk^&k 
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577 7ya^t!) kLX^X^^h^ktch . 

[0112] iMzcDm&wfra&cix&ftmwmi. t 

3 ^«%i4^< * y km . jjefat*? 

mz^ i6ft5^=RoT±^)?®y- h izwmzti 
tzmffi&zfflffli-&m&*fflffl®mznLx. 

*-mzWi5£2ti£z-t-+m* ikA-mitRUztiiztfm l 

fc^y 7 r ifif^S- 1 ^e^L1SSc|BltT 3 J: 3 1 £ 

[oii3] ( 2 ) ±^t=jDi.r, ±ias#a^» 
ia»f^^*# s=^«(c«js-r & 3 tasrr & i fc iz <t 

;H=^i.5iSlT'S^£i<J^a^iiA|&^£||iiT'^ h fc 

[0114] ( 3 ) ±fd^jntT. ±ieteii^«? 

$3*- h fc«*S;hJfc*»m»c*tl6 Ltz 4 <S*^^5ie 
ttffifB J: 3 lz-f& Z fc iz i 0 . ^letS^S-ft fc £ 
*§5H"CS & fc <^ 3 MUffl tlx 

h. 

[0115] ( 4 ) imzWLX , _tf35f5E?5»;&& 

t\ #»£ j£*IH>mc*ttE LfcJLie L S v vg«E<0S5fl: 
ftZlHZ-fcizZ&X 3 l^its; fc fc:«k *) . iE^ 

Srses-c# 3 fc 3 t #1 S . 
[0116] ( 5 ) jjecjoat , ±K9— 

fc WC # & fc v > 3 ix « . 

[0117] ( 6 ) ijeiCflniT. ±SWS&»0R 

z.bi.zi.^m.m.mu^mit^m*')^. wsg-cssfcw 



=5rs§a^»f^*^-c§sfcu3as*s^^na. 
[0118] ( 7 ) _hie^Jmi.T . ±ie##iiAiHi& 

s§ t tfmzmnz it& z\ fc \z & y . ^ * y -t 

S fc V* 3 . 

[0119] (s) mwv- Ymsafwunet f 

^Mfmt*iPf*fW£«:*T 3 t y em% ii^- 

mftRvztaztti&Lfc^) ?t4 mttZ'tftco a o x 
®mz£ y ±mimm=F<vftmy- hnmm^znmL 

fc t & v ittttEtfBr&o L » v ^fimff fcSI^ Lfc fc Wfe 
Lfz%t,n£&?>-mftZmTZit&Zklzi:<0 ^ ^^fit, 

tv>3^A s f§f>fli>„ 

[0120] ( 9 ) ±ietcjDi.r , ±ie«#a^* 

^» mffiK/l-fcS#^B#O^t=J;0^t. ±16 
ft**««ar-^fc«r* J: 3^«BEfc^fHfc:J: 9t&£U 
8e0te«O»S ii*J|fc»J&f * J: 3 gfc&t* C fc t J: 

y sriesT'# « fc v^3 mufiabtit . 

[0121] do) _tietcjjD£-r . tmrnm^iz 

IBIiffilSSr^o i 3 & i fc lz X 0 , TciEli^ft-fCfc 

ZklfiX'% hk^oWigktfi'ftbixh * 
[0122] (11) JiiecSnxT. ±ICBr^O*^ 

ft*^«e'-^t=5r5 J; 3 (,zfflffl-f h z\ fc lz X *) . iE^ 

Lfc^^it^ * y c fc *f-c# & 

fc^3$jm#mix&. 
[0123] (12) ±f5CCJ5D^T . 
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[0 124] (13) JJCtCfln^T. ±teS#a*0 

[0 12 5] (14) ±I2«P^T. _tlfi##a^0 
kS#3&^^i:^ft^l»!ni$^C:i:(cJ:0, >ty 

*sm*9m LKnmm^wftft* * y «i t 

[oi26] tLk^mmx ^ztitimammmiz 
m-izmtmizmiLtetiK ^mmumimmmizm 

?lzV)*)mz_h£.?lzLXL^\ f]IS02 2^02 3 
Mz£^>x^&k Ztvtm? fizMLXW&toif&mtt 

iztc^tt^w&mmzmz&zix^ffi*? ?(,zmtt 
to i 27] ^^yrw&tx^coft*wni»ii. Mie 

Oi^frcf LtOTSoTi, J:^ ^Rii'Huiaia2 1^ 
co "o 1" ^ "1" cOLS^ffl«flE^**fH*ttJBfc 

[0 1283 

I9&9i<09tm ^Mlz&^XfffiiZti&mi&dioiXm 

ito%i»coiz£r>xnbtL&®mzmmzmwi-titf. t 
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